INTRODUCTION {#sec1-1}
============

Alveolar ridge resorption has long been considered as an unavoidable consequence of tooth extraction. In the long term, prosthodontic complications, loss of function, and inadequate bone for the placement of dental implants may result.\[[@ref1]\] In anterior ridges, partially edentulous patients loss of teeth results in 91% of ridge deformities.\[[@ref2]\] Post-extraction bone loss is accelerated in the first 6 months followed by a gradual modeling and remodeling of the remaining bone, with as much as 40% of the alveolar height and 60% of alveolar width lost in the first 6 months.\[[@ref1]\]

Hence, preservation of alveolar ridge volume followed by tooth extraction, facilitates subsequent placement of dental implants and leads to an improved esthetic and functional prosthodontic result.\[[@ref3]\] Different methods represent socket preservation techniques with their advantages and disadvantages. Several studies have used grafting bone substitute materials for ridge preservation,\[[@ref4]--[@ref14]\] and different barrier membranes have been used for socket preservation at the time of tooth extraction such as polytetrafluoroethylene (ePTFE), bio-absorbable membrane, cellular dermal matrix, and acellular dermal matrix allograft (ADMA).\[[@ref15]--[@ref18]\] Nowadays, many investigations have used platelet-rich fibrin matrix (PRFM) for ridge preservation, which demonstrated that PRFM alone may be the best graft for ridge preservation procedures.\[[@ref19]\] Yet there has not been any study to evaluate the use of palatal connective tissue as a biologic membrane for socket preservation. There have been several studies illustrating the use of palatal connective tissue as a biologic membrane for treatment of vertical bony defects which all indicate effectiveness of this method.\[[@ref20]--[@ref24]\]

The purpose of this study was clinical and biometrical evaluation of socket preservation using demineralized freeze-dried bone allograft (DFDBA) with and without the palatal connective tissue as a biologic membrane to measure width and height changes of socket and alterations in coronal level of gingiva and mucogingival junction (MGJ) position.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a randomized controlled clinical blind study. A total of 12 maxillary single root teeth in eight patients (four men and four women) referring to the Department of Periodontology, Shahid Beheshti University of Medical Science, Tehran, Iran were randomly selected and then divided into two groups. Patient\'s age ranged from 22 to 58 years. All subjects gave written informed consent to the survey procedures and were well informed of the nature of the study. Exclusion criteria included: Presence of systemic disease (diabetes, chemotherapy, immunosuppressive disease, disease with bony manifestations); history of allergic reaction to any materials used in this study; smoking; using the drugs that interfere with bone repair; and pregnancy and breast feeding. An alginate impression was prepared from each subject (before tooth extraction) and an acrylic stent was made including at least one tooth distally and mesially to the objective tooth. The distance between the margin of stent to the Cemento-enamel junction and margin of a restoration was measured, which was considered as a reliable reference point for further measurements. Before any intervention, first SL (The distance between the margin of stent and coronal level of gingiva in 3 points: Mesiobuccal, midbuccal and distobuccal) and SMG (The distance between the margin of stent and MGJ in 3 points: Mesiobuccal, midbuccal and distobuccal) were measured (that will be explained in the next part). Then local infiltration of lidocaine2% with epinephrine (1:80,000) was administered for hemostasis and to reduce post-operative pain. Sulcular and two vertical releasing incisions were made around the teeth that would be extracted and then full-thickness buccal and lingual flaps were reflected. The roots of the teeth were atraumatically extracted using a periotom so that socket walls were preserved. Following tooth extraction the bony walls were debrided. At this stage, the following measurements were carried out using the previous stent and a caliper (KOHLER, made in Germany). Desired indices consisted of the following:

SL: The distance between the margin of stent and coronal level of gingiva in 3 points: Mesiobuccal (SLm), midbuccal (SLmid), and distobuccal (SLd). In other words SL is the mean of SLm, SLmid, and SLd.

SMG: The distance between the margin of stent and MGJ in 3 points: Mesiobuccal (SMGm), midbuccal (SMGmid), and distobuccal (SMGd). In other words SMG is the mean of SMGm, SMGmid, and SMGd.

SC: The distance between the margin of stent and the crest of socket in 3 points: Mesiobuccal (SCm), midbuccal (SCmid), and distobuccal (SCd). In other words SC is mean of SCm, SCmid, and SCd.

SD: The distance between margin of stent and socket depth.

W: Socket width at the most coronal level.

As mentioned before, from the listed indices, SL and SMG were measured before flap reflection.

Then in case group, DFDBA (Grafton, American Biohorizons Company) was mixed with the patients' blood, placed in the socket, and covered by palatal connective tissue (dissected from the palatal mucosa in the region of the canines, 1^st^ and 2^nd^ premolars and with the thickness of 1.5-2 mm) as a biologic membrane so that it would extend at least 3 mm beyond the socket inlet in all sides. Consecutively, an undermining split-thickness preparation of the buccal aspect was performed and a tension-free primary closure was made with simple interrupted 3-0 silk sutures \[[Figure 1](#F1){ref-type="fig"}\]. In control group, the socket was filled only with DFDBA, and other procedures were same as case group. Then subjects were administered Amoxicillin (500 mg/kg, PO, TID) for a week and Ibuprofen (400 mg, per OS) when required. An administration of 0.2% chlorhexidine solution was performed twice a day for 14 days. Follow-up appointments were after 1, 2, 4, and 8 weeks to evaluate the healing process and plaque control. The second surgery was performed 4 months after the first surgery. All indices were measured again (but SL and SMG before flap reflection) and the implant was inserted in the prepared area \[[Figure 2](#F2){ref-type="fig"}\]. The data obtained were then analyzed using the SPSS (Statistical Package for the Social Sciences) software, the Wilcoxon test to evaluate indices alterations in each group, and the Mann--Whitney test to evaluate inter-group changes. The significance level was set at 0.05.

![Different steps of socket preservation using palatal connective tissue as a biologic membrane in case group](DRJ-9-758-g001){#F1}

![Different measurements in the healed socket after 4 months and then insertion of implant in case group](DRJ-9-758-g002){#F2}

RESULTS {#sec1-3}
=======

The Wilcoxon test was used to evaluate the indices alterations in each group. Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} indicate that intra-group differences were statistically significant after 4 months in all indices in both case and control groups (*P* \< 0.05). To compare indices alterations among treatment groups, the Mann--Whitney test was used. [Table 3](#T3){ref-type="table"} shows mean differences of the measured indices in case and control groups before and after socket preservation. As mentioned before, in each group the average of SLm, SLmid, and SLd were calculated and expressed as SL (the distance between the margin of stent and gingiva) and then compared with each other. This approach was also used to compare alterations in MGJ position and crest of socket between two groups, so that SMG (the distance between the margin of stent and MGJ) was in fact mean of SMGm, SMGmid, and SMGd and the distance between the margin of stent and the crest of socket was presented as SC, which was mean of SCm, SCmid, and SCd. Then these measurements were compared in case and control groups. Statistical analysis showed that decrease in socket width (*P* = 0.012), keratinized tissue (*P* ≤ 0.001), and gingival level (*P* = 0.031) in case group was significantly lower than control group, but no meaningful difference in socket height changes was observed comparing case and control groups (*P* = 0.148).
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Mean of the desired indices in case group at the first and second surgeries in mm
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Mean of the desired indices in control group at the first and second surgeries in mm
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Comparision of mean differences of the desired indices in case and control groups before and after socket preservation in mm
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DISCUSSION {#sec1-4}
==========

This study was performed on 12 single root sockets of maxilla to unify bone healing and structure in treatment groups. Since major dimensional alterations occurred during the first 8 weeks following tooth extraction, and due to the investigations of Schropp,\[[@ref3]\] Simon,\[[@ref7]\] and Zubillaga,\[[@ref25]\] in this study 4 months was considered as an appropriate time for socket healing. Nemocovsky\[[@ref4]\] and Artzi\[[@ref5]\] demonstrated ridge enhancement and socket preservation method, utilizing bony graft materials without membrane. The positive aspect of the present study was using DFDBA in both groups, which is an advantage in comparison with the listed literatures.

In a histologic study, Froum concluded that the average percentage of vital bone in sockets covered with ADMA was 38% compared to 22% in sockets covered with ePTFE membrane barrier.\[[@ref18]\] In this study palatal connective tissue was used as a biologic membrane and due to Froum\'s investigation, it has a relative advantage when compared with other synthetic membranes such as ePTFE.

Other benefits of this study include: Low probability of bacterial accumulation, one stage surgery (compared to using non-absorbable membranes), low risk of infection, and antigenic problems because of its autogenous nature (rather than alloderm and collagen membranes). In addition, in this study, denudation of membrane is not a problem and every suture threads can be used. There have not been any clinical controlled studies in which palatal connective tissue have rolled as a biologic membrane for socket preservation, but several studies have used this technique for treatment of angular bony defects and all have suggested that using palatal connective tissue as a biologic membrane is efficacious and clinically successful.\[[@ref20]--[@ref24]\]

In the present study, a complete preservation of socket dimensions has not been proved, which is consistent with the outcome of Zubillaga\'s literature.\[[@ref25]\] In case group the socket width was preserved more than control group that was statistically significant (*P* \< 0.05, average decrease of 1.16 mm vs. 2.08 mm). Four months after tooth extraction, no statistically significant differences was observed among both groups with regard to the socket height (*P* \> 0.05; average decrease of percentage 72 ± 0.25 mm in case group versus percentage 86 ± 0.27 mm in control group).

MGJ was placed more coronal than before the tooth extraction due to the type of surgery, which caused release of incisions and coronal positioning of buccal flap. Mean alteration in MGJ position in case group was 3.58 ± 0.71 mm, which was significantly lower than control group (4.52 ± 0.55 mm) because of the effect of palatal connective tissue in preserving keratinized tissue (*P* \< 0.05). In our study surgery procedures were similar in case and control groups (flaps were closed completely), thus in both groups decrease in keratinized gingiva was unavoidable.

It is guessed that if flap closure is not complete and palatal connective tissue becomes exposed, lower decrease in the width of keratinized gingiva would occur. More research is required in this regard. Coronal level alterations of gingiva demonstrated lower decrease in case group (the average decrease was 1.27 ± 0.46 mm) in contrast with control group \[mean decrease was 1.58 ± 0.30 mm (*P* \< 0.05)\], emphasizing the effect of palatal connective tissue in preserving the gingival level, which is very critical in the esthetic zone.

CONCLUSION {#sec1-5}
==========

Under the limits of this study, connective tissue membranes can preserve socket width, amount of keratinized tissue, and the gingival level more effectively than DFDBA alone. There was no significant statistical difference in the reduction of socket height between both groups, although socket dimensions never preserved completely in either surgical techniques studied.
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